cellulose resin. This method can be used to select induced mRNAs regardless of the way in which the induction is brought about.
I NTRODUCTION
The isolation of a pure gene depends on the availability of a good probe. Gene isolation has been accomplished in a number of ways. The isolation of some mRNAs, for example globin mRNA (1, 10, 13, 14) , has been possible because the population of mRNAs in certain specific cell types is greatly enriched in the desired mRNA. Other RNAs, like ribosomal RNA, were isolated by taking advantage of their unusual base composition (3, 12, 17) . Each of these cases has relied on some special property of the RNA to allow its isolation. Either the system was producing large amounts of a product (to make mRNA isolation feasible) or the gene had an unusual base composition.
The isolation of a particular RNA sequence comprising a very small portion of the entire cellular RNA complement has been very difficult. This is a particularly challenging problem when dealing with the phenomenon of gene induction, since the induced product is often only a minor component of the cell's mRNA population. The technique of hybridization subtraction chromatography, described in this paper, lends itself readily to the isolation of a population of mRNAs greatly enriched in inducible mRNA sequences. In essence, the technique removes mRNAs from an induced cell's mRNA population that are also found in control cell mRNA populations. The remaining mRNAs are greatly enriched for the induced sequences. The method has broad applicability since it can select low abundance mRNA sequences from a highly complex mRNA population. This is true regardless of the mechanism employed to induce these low abundance RNAs. Further, once the cDNA-cellulose colunn is constructed, it can be used repeatedly without resynthesing more cDNA.
In the present work, we demonstrate the feasibility of hybridization subtraction chromatography by purifying an RNA population enriched for the mRNAs induced in Schneider Line 2 Drosophila cells by treatment with ecdysterone. These induced RNAs represent less than 0.2% of the cytoplasmic mRNA population of ecdysterone treated cells. Using the column purified mRNA as a probe, we have been able to select a number of recombinant clones containing DNA that hybridizes significantly to induced cell mRNAs, but not to control cell in mRNAs.
MATERIALS AND METHODS

CELLS AND LABELING
Schneider's Line 2 (SL2) cells were grown in 75 cm2 plastic tissue culture flasks to a density of 3.0 to 4.5 X 106 cells per ml in Schneider's Drosophila mediun (GIBCO) supplemented with 0.1 volumnes of heat inactivated fetal calf serum (GIBCO) . Hormone treated cultures were exposed to 1.0 PM ecdysterone (Signa) for 4 hours and then harvested. In some experiments, RNA was labeled in vivo with 2.5 pCi per ml 3H-uridine (Amersham) for 4 hours.
RNA ISOLATION
Cells were lysed by resuspending cell pellets in lysis buffer (0.3 M sucrose, 2 mM MgAc2, 3 mM CaC12, 10 mM tris (pH 7.4), 0.1% Triton X-100, 5mMDTT) containing 8 mM vanadiun-adenosine complex (2), incubating for 10 minutes on ice, and homogenizing with the tight fitting A pestle in a Dounce homogenizer. Cell lysis was monitored by phase contrast microscopy until > 90% of the cells had been broken. Nuclei were pelleted for 5 minutes in an HB-4 swinging bucket rotor at 10,000 RPM (7600xg). RNA 10 pl per mg of cDNA-cellulose resin. After the hybridization was complete, the entire mixture was poured into a 40°C water jacketed column, allowed to settle for 1 to 2 hours, and then washed with hybridization buffer (at 40°C) to remove the non-hybridized RNAs until the eluate was ' 100 CPM per ml above background. Hybridized RNAs were then released from the column by heating to 600C and washing with 600C elution buffer. The hybridization/washing procedure was repeated twice more on the "non-bound" RNA fraction from the first hybridization reaction. The RNA that did not bind to the column after three cycles of hybridization was then applied to an oligo (dT)-cellulose The concentration of reverse transcriptase was the next factor optimized. As shown in Table 1 , the enzyme optimum is 550 units of reverse transcriptase per ml of reaction mix. The plateau probably results from the saturation of all available elongation sites for the enzyme (i.e. -there are no more oligo (dT) primers hydrogen bonded to mRNAs which can serve as enzyme recognition sites).
After optimal salt and enzyme concentrations were determined, other conditions of the reaction were investigated to improve further the efficiency of our system. Actinomycin D was included in early reactions to minimize the synthesis of double stranded cDNA (9, 18) . However, we found that actinomycin D significantly reduced the efficiency of our reactions (perhaps by blocking the synthesis of double stranded cDNA) as shown in Table 1 . An alternative is the use of sodium pyrophosphate (9) in the reactions to prevent the reverse transcriptase from recopying the cDNA. The inclusion of 4.0 mM sodium pyrophosphate provided high efficiencies while preventing synthesis of double stranded cDNA. With higher levels of synthesis, it seemed logical to increase the triphosphate and Mg concentrations (11) .
Increasing the dTTP concentration from 0.4 mM to 0.6 mM; dATP, and dCTP from 0.14 mM to 0.4 mM; and MgCl2 from 6 mM to 10 mM increased the efficiency further. As shown in Table 1 After hybridization, the column was regenerated and the RNA not hybridizing the first time was re-incubated with the cDNA-cellulose. This procedure was repeated once more to yield an RNA population that had not hybridized to cDNAcellulose after three incubations under hybridization conditions. This RNA was then applied to an oligo (dT)-cellulose column to remove RNA fragnents (which may have been produced during the various manipulations) that did not contain poly A tails; these RNAs mostly represent sequences from the 5' ends of the RNAs. The non-hybridizing poly A+ RNA was enriched in ecdysterone inducible sequences. In typical purifications, about 1.5% of the RNA remains in the last fraction which represents a 67-fold enrichment, although this value was ranged from 0.6% to 7.0%. The RNA purified in this manner was subsequently used as a probe to screen the recombinant DNA library.
ISOLATION OF RECOMBINANT CLONES COMPLIMENTARY TO ECDYSTERONE INDUCED RNAs
The probe obtained by hybridization subtraction chromatography was iodinated in vitro with 125I and used to screen a recombinant library. 
